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LETTIDR OF TRANSMITTAL. 

Professor vV. P. T1rnwmtIDGB, 
NEW Yomr, N. Y., Janum·y 1, 1883. 

Special A(Jent in char(J1.: Sta.tistia8 of Power and Jlfaohinc1'y. 

SIR: I have the hollor to transmit herewitli n, report on the flour-milling processes of the United Stutes in 1880. 

Owing to the recent introdnetion of these in·oeosses it has only been possible to sketch tlrn outlines auU to 

lliut at the various meclrnnien1 operations. Mnu:;r details are still subjects of debate, arnl, owing to competition, a 
large number of similar machines have been rmtcnted, description of which would involve features foreign to the 
object of' this report. I han1, thereforP, been obliged to give but general ideas of the :principle of such machines. 

The descriptions aud drawings of mills intended to serve fl8 examples of the latest prac!;ice were taken from 
the working dmwing·s of the architects aml millwrights. 

'rhe drawings from the microscopic slides were made by Mr. A. D. Ohurcbill, instructor in drawing in the School 
of Mines, New York. 

Yours, very respectfuily, 

KNIGHT NEFTEL. 

NOTE.-Tbis repOl·t was prepared in 1880 anll 1881. Since tbon many changos lrnvo occmrorl in tho clotails of the prucossos1 and 
much 1Jrnt was then still in its beginning is now univorsally accoptecl, The Pillslnuy mill has been oomplotell since tho prepamtion of 
tho report. 



FLOUR-MILLING PROCESSES, 

INTRODUOTION . 

.A.11 great and radical changes in the methods or vrocess of any industry have followed change in demand or 
·supply. In their ultimate development they have often influenced reciprocally the tastes and habits of the consuming 
classes. We have in the milling industry the latest example of this; for, great as has been the change in process 
during the i)ast ten years, it was caused by the great and rapid change in the wheat market, owing to the settlement 
·of the northwestern states and their immense production of spring rather than winter wheat. .A.t present flours 
made by the new processes t1re the favorites in the market. 

In the old historic mills of the Brandywine, whose millers were still the subjects of the British throne, before 
the days of Oliver Evans, the process was exceedingly simple. The wheat, cleaned by a rmle machine consisting 
·Of a couple of wire cylinders or screens and an air·blast, passed through a pair of millstones running very" low", • 
that is, close together, in oi;der that the greatest amount of flour might be produced at on~ grinding. The meal or 
.resultant product was then bolted (sifted), the superfine flour thus se1)arated, and the tailings, consisting of bra,n, 
.middlings (coarse unground portion), and adherent flour, again se1n1irn.te<l by sifting through bolting-reels, a.ml 
reground. Tllis seconcl product varied much among millers, some proclucing a 1ine, others a dark, impure flour, 
containing a high percentage of bran, au<l. nsc<l. mostly for ship-stuff, etc. It seems probable that the millers of 
the times, especia1ly Oliver Evans, had some notion of the high grade of flour ground from middlings, but no 
systematic method of procednre was employed. " 

Oliver Evans (Philadelphia, 1756-1819), wllose inventive genius ancl practical ability were, as in the case of 
many great inventors, but feebly requited by pecuniary success, was the first to improYe materiu,lly tho processes 
of the period. His simple contrivlmces, which are employed to-day in almost the same form, introcluced into milling 
the feature that has clone so much for other American industries, viz, the 1.mtomatic handling of the raw material 
.aml the product in various stages by the motive power of the mill. His chief inventions were the elevator, tho 
·Conveyor, the drill, the descender, and the hopper-boy. Evans says: 

~0 

By means of these machines may bti porformocl every necessary movement ef tho grain ancl meal from one part of tho mill to auothor1 

through all the various operations from tho time tho grain is mnpti~cl from tho wagoner's bag, or from i;he moasmo on boanl ship1 until it 
be completely manufacturecl into flour, either snperfino or of other qualities, a,ncl separatetl rcatly for pa.eking into 1rnrrels1 for sale or 
oxpo1·ta.tio11, AU which is performocl by tho force of water, without the a,icl of nmmml labor, exce].lt to set difforent machines i,u motion, 
etc. This lessens the labor aml oxpenso of at.tenclauoe of flour millsfnlly one-half. (a) 

crhe most important and usefnl of his machines, the elevator and the conveyer, are too well known to ueecl 
·detailed description; the former being an endless bancl, with cups attf10hecl to the outside, which, acting like scoops, 
raise the grain, meal, etc., and discharge the same on reaching the top. 

The conveyor consisted, for grain, of two helicoidal surfaces on a revolving shaft, and, for meal, of a shaft with 
a series of small wooden blades set spirally and at an angle. These were called ":tl.ights". In both cases the 
·contrivance was inelosed in a box, and moved the material by the principle of the screw or plow. 

The hopper-boy, now no longer in use, consisted essentially of au arm revolving horizontally a~out an axis 'vi.tl1 
flights or pieces of board set at an angle. This first spread the warm meal as it came from the millstones and then 
collected it to tho center, where it fell through spouts to the bolts on the floor below. The angle of the flights 
coulcl be changed and the motion of tho meal thus regulated. The motion of the arm was slow, being not above 
4 revolutions per minute. 

The drill was an endless band with rakes or blades attached, and moving horizontally. It was designed by 
Evans to move the meal and other products in a 'horizontal direction. It is no longer in use, the conveyer hiwing 
.supplanted it entirely. 

The descender, now also obsolete, was an arrangement for moving meal, etc., horizontally without the 
application of power. The meal was dropped upon an ericlless band sot at a slight incline, and consisting of leather, 
canvas, flannel, or some other similar pliable materio.l. The w~Jght of the material was relied upon to produce tho 

36 .A.G 
a Young Millwi'i.ght and Milled Guide, 13th ' itio111 J>hilaclelphia1 page 211. 

661 



2 FLOUR-MILLING PROCESSES. 

necessary motion. Evans, however, recommencled the application of auxiliary power to this contrivance, as there1 
was otherwise clanger of clogging. Two small buckets carried up any matter that spilled from the band and 
collected on the bottom of the box. 

Of the benefits derived from the use of these machines, Evans enumerates the following in bis 'Young· 
Millwrights' Guide, 13th edition, pages 246, 247: · 

A better prepara,tiou of the meal for bolth1g1 for packing ancl }ll'eserving1 in mneh less time than usual; the work of cfoaning 
tbe grain, elevating n.11d mixing -various parts t.o be agn.in treated, is eifectecl in one 01rnratio11; there is consi<lorahlo ,Auving in meal;. 

Frn.1. 

there is economy of space; tho work is performed more rapidly, tho elevating done with less power while preventing sudden vt1rl11tions 
of speed in the stones; and, finally, tbero is a great saving in cost of attendance, one operative turning out twenty barre1s of il01.u: instead 
of ten, aa by tho old method, a forty-barrel mill requiring '.l all ouly two men instead of four men and a boy. Tho machines wore 
dura.JJlo and oconomical1 as their motion was generally slow '\ 

From these improvements, as stated before, ~· \tes the long period of so-called "American" milling, which 
produced :flour as economically and of as good a g1 '1e as that of foreign millers. 
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FLOUR-MILLING PROCESSES. 

As there was but little progress from the days of Evans until the introduction of the new process, about 
1870, a description of the combination of his machines in a mill is here given. The cut (Fig. 1) is taken from Oliver 
Evans' Young jJfillwrights' Guide (Plate VIII, 13th edition), a.nd was not given by him as a plan of a mill, but 
simply to show tlw combination and the duties of tlle machines. 

The grain taken from the wagon 1 is spouted to the hopper-scale 2, weighed and dropped into the garner 3, 
whence it runs to the elevator 4 5. Having reached the top floor, it is spouted into the large storage bin 6, 
whence it descends by gravity to the stones 8. These 
break up the smut-ba,lls ancl clean the grain of adherent 
impurities. It then returns to the bin 3, when~ a blast 
of air i·emoves the dust, which passes out through the 
aperture a, and allows the chaff to settle. The wheat is 
then returned to the elevator 4: 5, the crane or movable 
spout 5 being turned over the hoppers 10 or 11, and 
allowed to pass through the cleaner 12. The good wheat 
then fallsithrough 14 to the hoppers 7, 17, and 18, and 
thence to the stones 8, 19, and 20. The ground meal from 
these is col1eeted by the conveyer 21 22, and fed into 
the elevator 23 24, which raises it and delivers it to the 
bopper-boy or cooler, 25. This spreads it over a con­
siderable surface, thus allowing it to cool, ancl then col-

Fm. 2. 

lects it and feeds it through the central spouts to the bolting-chest 26 ~7. The superfine flour is dropped in the 
bins 28 or 29, according to the floor on which it is to be packed in barrels. 

The bran, tailings, etc., are rebolted, being either retumetl to the conveyer 22 21, and mixed with the meal, or, 
by an auxiliary con,reyer 31 32, are brought over the garners 18 and 17, ancl regronncl with the wheat. 

The middlings or coarse-bolted meal are brought by the conveyor 31 32 to the wheat garners 17 and 18, and are 
reground with the wheat; a3 is a chaff-room to collect the material blown from the grain by the fan 13, the dust 
passing out of the mill; 32 is a garner for the screenings from 12. 

These screenings can be cleaned any mun ber of times by returning them to the elevator 4 o, spouting them into 
11, 12, a1H~ 14, by means of the spout indicated by dotted lines, back to the elevator 4: G, and to the Qin 10, where 
the process may be repeated nny number of times. They are then ready for regrinding. 

The second screenings being simHarly purified, the last renrn.incler may be used for cattle-feed. 
The remaining parts of the figure and the design 40 refer to Evans' system of unloading ships. To use his words, 

u this completes the whole process from tlie wagon to the wagon again, without manual labor, except in packing the 
:ti.our and rolling it in." 

Of the component parts of the mill there remain to bo de8cribec1 the grain-cleaning mltchines and the millstones. 
The grain-cleaner shown in J1'ig. 2 consists of two wire cylindrical screens, AD; the inner one, being coarser, 
allows all to pass but the impurities larger than a wheat-berry, while Nie outer 
one, being finer, retains the wheat a11d allows smaller impurities to fall into the 
bin. The heavy grain is discharged at a aud falls into garner G through the 
current of air F B, produced by the fan F, at least 3 feet in depth. 

The chaff is collected at o ~mcl the ch1st is blown out of the mill at B. This 
contrivance is all that was used for the cleaning of the wl1 eat, excepting in some in­
stances the employment of arnn of stones for breaking up adherent particles of dirt. 

The millstone, the chief machine of' the mill, received, as may be expected, 
much of Evans' attention, though being at that time usually made of granite 
instead of the hard French burr now commonly used. 

The proper "dress", that is, the fnrrowi~g of the grinding surface of.tL~ 
stones, was a matter which he studied, ancl, comparing different styles of'those in 
use, he recommended the one shown in ]'ig. 3. The figure is constmcte~/according 
to his directions, and shows the curved furrows in the lower or befI stone and 
their relative arrangement. · · ' 

I 
It was designed to produce the greatest possible amount of sui!)erflne :flour by one grinding; in other words, to 

secure the complete reduction of' the wheat-berry, at the same time avoiding any comminution of the bran, and 
cleaning it from n.U adherent particles of floury matter. The tho)lbughness with which these operations are performecl 
depends on the sharpness of the stones and the condition of th/~ "land", or snrface between the furrows, amount of 
wheat fed, the distance between the stones, the speed, etc. 1PJvans, therefore, cftlled the attention of millers to the 
necessity of giving great care to the condition of the stones, <fif watching them carefully and constantly, "cracking" 
or roughening the land appropriately to the porosity, and c<t~si(\eriug them accurate machines, to be adjusted with 
the greatest nicety. :' • 
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FLOUR~MILLING PROCESSES. 

Besides the improvements mentioned ab0ve the bolting, or separating of the mmtl into flour, middlings, and 
bran was also modified to meet newer views, the ~rincipal innovations being the use of finer cloths, excepting on reels 
of 22 inches diameter.or less, on w.hich they choked; keeping the cloth free by allowing the material to fc.ill 1i. greater 
distance, which was effected by increasing the diameter of the bolting-reels to 27rr inches; the lengthening of the 
bolts to produce a more complete separation; and, :finally, rebolting the flour to a grei\ter extent thmt was done 'I 
previously. 

The motive power of these mills. was entirely water, and was derived from tho stylos of wheels in use n,t tllat 
time-mostly tub breast and under- and over-shot wheels, the turbine not having been invented till 1823. 

In a technolo~ical wdrk describing the condition of the industries of all countriM, publishell in Germnny ti.bout 
1843 a model .American mill of the period is described as distributing the power from. three lm:1ast-wheels by moans 
of v~rtical shafts running from cellar to roof and from the shafts to the various machines by lmlting and gearing. 
The above work also enumerates the advantages of .American milling, which, beshles including those mentioned 
above, gives the old-fashioned lever-packers and the crane for removing the rum1or-stone "·~ clutracteristic 
improvements of the Americans. . 

The efficiency of the mills of his time may be surmised from tho following table, giveu by him as tbQ. t'Ci-mlts l)f 
his own experiments: (a) 

Quality of gmin. 
Woight por 

bushol. 

Pounds. 
White wheat, clean • • • • . • . ........ : . . . . . . • .. • . • . . • . • • • .. . • .. • • • • • • .. • . • . . • . . . • 50. 50 

.~~ret~~~11~ -ii,~r~i~t~~ll .. ,:~1~1.::::·""·"·~;~t=f~~~·'·' · .... ~11 ;:::.~:~~·= 
grincliug. bmn. dlluga. lhmr. 

---- ·----·-~-·---, .... c~--~ - .. -••~~~··~•·•~"-'''" ·--··--~· "' ·-~ 

Po1t11Cl8. Poimcls. l'ou11d1. l'oimcls. 1'011111/s. 

1. 72 13. lO 2. 50 ll. 68 :i~. ~'° 

1. 00 12. 00 White when.t, well cleaned..................................................... ti9. 00 2.12 3. 65 40. ~:I 
7. 57 s. 52 :Red whent, not well clen.UBd.......... .. .....• ....•• ...•.. ....... ....... .. ...... 60. 00 l. 01 a. 00 HR. 7i/ 
3. 08 o. 5·1 White wheat, mixed with green gnrlfo.. •• • • • • • • .. • •• • • •• ... • • • • •• • • • . •• • •• . • .. 61. 00 2. 40 5. 08 30. 741 
5. 48 7.86 White wheat, -very olenn .... .• . . .. . . .. .. . . .. • • • • . .•• . • ... .. • ... ... . . . . . .• ... . •• 56. 00 !. 85 5. 00 31>. Bl 

R_e_d_w_h_en_t,_w_i_th_so_m_o_c_oo_kl_e_an_d_u_gh_· t_g_ra_in_s._. ·~··_·_· ._ .. _· ._ .• _ •• _ •• _ .. _··_·_· ._ •• _ •• _ .. _· ._. ,__ __ 5_0._25-"'----0._10 __ 1 ----~~· 33 ... --·-··---·1·.~~-------·· .. -~-:.4~----- ·--~~~~ 

From this table we see that from 59 pounds of well-cleanecl white wheat 40.23 pounds of superilne flour wcro 
.. produced. This is an exceptionally good result, aad was probahly far above tho avern,g-e. The yielcl, in other words, 

was 196 pounds for every 287.45 pounds of wheat, or a loss of 91.45 pounds. lt is probable that the quality of the 
flour was considerably inferior to our present products. 

From the death of Evans in 1819 until the introduction of the new process no grcltt progress in metho<l w1UJ 

made, though the separate machines were considerably improved, the gmin-cletiniug machines beh1g greatly 
perfected, sill,r. substituted for woolen cloth and other fabrics on the bolting-reels, :trnl the importml Ii'rm1cll burr 
substituted for the old-fashioned granite stone. Later, the hanging and bala,ncing of the running-atone were 
improved upon, and the general increase in efficiency, due to superior workmanship and bettor design, assisted 
materially in improving the quality of the flour. 

The census returns of the United States for wheat produced in Minnesota, Dakota, Wisconsin, ancl Iowa, in 
1850, 1860, and 1870, are given in the following tables, 1870 being the first year in which a separtition of the spring 
and winter wheat was made: 

WHEAT CROPS IN 1850, 1860, AND 1870 IN THE NORTHWES'rERN STATES. 

-------------.------.---------·--····-··· ····-···- ·-
1850. 18.60. lS10. 

Spring. Winter. 

1---~., ---··-·-------
B111hels. 

Minnesota ..••.. :· .• : .• •.'.;·········•·· 1,401 
Dnkotn. •••..••.••••.•.•••• ~ ...... ·••••• .............. .. 
Iowa .................... ···<" ...... 1, 530, 581 
Wisconsin .................... >...... 4, 286, 181 

B11shels. 
2, 180, 003 

045 
8, 440, 403 

15, 057, 458 

B11sliels. 
18, 780, 188 

170, •100 
28, 708, 312 
2'1, 375, 435 

Bu11'el1. 
76, 885 

202 
727, 880 

1, 280, 000 
~--------_:,~~----;--~----~----·-··---··--··-·---·-

'The total crops for these states being for 1io350: 5,818,113 bushels ; for 1860: 26,294, 799 bushels; and for 1870: 
74,078,771 bushels, of which latter 2,035,376 bns11els were winter and 72,043,895 bushels spring wheat. 

These :figures show very fornibly the main &at1se of the rapid extension of the new l)rocess, viz, the immonso 
increase of hard spring wheat in tlie market from 'the northwest, and the consequent milling possibilities of that 
section. 

This spring wheat, when ground between stone4'> running close together, produced a dark flour, and when 
reduced to a degree of :finenes!3 which permitted it to rmss through the finest bolting-cloths the flour was specky. 
It became evident that in order to produce a :first-class ':itiour some new method must be employed, and Edmund N. 
------------------------1'--------------·-------------

a Young Millwrigllt and Mille/\ GiJ.ide, 13th edition, page 275. 
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FLOUR-MILLING PROCESSES. 5 

Lacroix, experimenting in the mill of Mr. G. H. Ohristian, near Minneapolis, invented in 1870 a "middlings­
purifi.er", or machine for separating the dust, :fluffy material, particles of bran, fl.our, etc., from the middlings. 
The principle of this machine had long been known and applied in Europe. 

The middlings thus purified were regrollllcl to superfine flour, which brought more per barrel than the best flour 
then in the market. This led to the forth er development of the new process, viz, grinding the grain very coarsely, 
making as little flour as possible at the first grinding, producing as large an amount of middlings as possible, 
purifying these, and then regrinding them to superfine :flour. 

From the new process some millers went a step further, and adopted the Hungarian gradual-reduction system, 
an extension of the principles of the new process, with an its intricate meclrnnioal details, and, it cannot be denied, 
with great success. 

Such is a brief outline of the history ofthe milling art in this country. 

PRESENT PROOESSES. 

Before entering into a descri1)tion of the processes now in use in this country, a few words should be said of 
wheat as a raw material, and the objects Gf milling. 

The wheat-berry has often been described, and magnified diagrams of it have been published, but probably no 
enlargement is more detailed or plainer than that of M. H. Mege-Mouries, publishecl in a report by him to the 
Imperial and Oentral Society of .Agriculture of Prance in 1860, and lately reprinted in the Soiontijio American 
supplement, .April 9, 1881, No. 275. (See Fig. 4, page 6, which represents a longitudinal section through the 
crease.) 

The wheat-berry tliffers much in its varieties as to composition in gluten, starch, nitrogenous matter, etc., but 
the anatomy of the berry is alike in all cases. Consisting of two lobes separated by a crease, it is oval in section . 
.At the pointed end there is a light ben,rd of fluffy material, which, with the dirt collected in the crease, necessitates 
the use of peculiarly ingenious machinery for its removal. It consists essentially of four parts: 

No. 1 represents a superficial side of the crease . 
. No. 2 indicates the <pidermis or cuticle. This covering is extremely light, 100 pounds of wheat containing 

about ~ pound of it. 
No. 3 indicates the opioarp. This envelop is distinguished by a double row of long and pointed vessels; it is, 

like the :first one, very light and without action; 100 pounds of wheat contain about 1 pound of it. 
No. 4 represents the ondooar11, or last tegument of the berry; the sarcocai:p, which shoulcl be found between 

the numbers 2 and 3, no longer exists, having been absorbed. The enclocarp is remarkable by its row of round 
and regular cells, which appear in the cut like a continuous string of beads; 100 pounds of wheat cont:,i,in ELbout 
1~ pounds of it. 

The Re three envelops are colorless, light, and spongy; their elementary composition is that of straw; they 
are easily removed besides with the aid of ltamp ancl friction. This property has given rise to an operation called 
decortication, the results of which we shall examine later on from an industrial point of view. The whole of these 
three envelops of the berry amounts to about 3 pounds in 100 pounds of wheat. 

No. 5 indicates the testa or opisporm. This tegument of the })erry is closer than the preceding ones; it contains 
in the very small cells two coloring matters, the one of a imlish yellow, the other of an orange yellow, aucl iu 
proportion as the one or the other predominates, the wheat is of a more or less intense yellow coloi,'1 liuil~C. {:Cm~ 
all the varieties known in commerce as white, reddish, or red wheats. Under this tegument is f6uncl a very thin, 
colorless membrane, which, with the testa or episperm, forms about,2 per cent. of the weight of the wheat .. 

No. 6 indicates the ombryous membrane, which is only an expansion of the germ or embryq, :No. 8. This membrane 
is here represented with imaginary spaces in white on both sides, to render more visible, its form and insertions. 

No. 7. The endosperm, or :floury portion. This is composed of large cells, in wb"..ch the granules of starch are 
found. The center is the softest part, and contains relatively the least gluten a111i the most starch; it is the pttrt 
which pulverizes easiest under the stone, and gives, after the first boltipg, tb,e. i!ne flour. .A.s this flour is poorest in 
gluten, it makes a (lough with little consistency, ancl is incapable of making a light, well-raised bread. The fayer 
which surr'onnds the center produces small white middlings, harder and richer ill gluten than the center; it bakes 
very well, and weighs 20 pounds in 100, and it is these 20 part13 in 100 which, when mixed with the 50 parts in the 
center, form the :finest quality of flour for making white bread, 

The layer which surrounds the preceding one is still harder and richer itl gluten; unfortuua.tely, in the 
reduction it becomes mixed with a small proportion of tbe brm1, which renders it nnsuitn,ble for making breacl of 
the finest (whitest) quality; it produces in the regrinding lower grrtde ancl dark flours, together weighing 7 per 
cent. This layer, naturally adhering to the membmue No. 6, becomes mix:ed in the grinding with the bran, t-0 the 
extent of about 20 per cent., which renders it unsnit~hble for making bread; it serves to form the regrinclings aull 
the offals destined for the nourishment of animals .. 1 ,.,i~is layer is., however, the hardest, ancl contains the hug·est 
quantity of gluten, and it is by consequence the m/furtfi'ltritive. We now see the endospetm increasing from the 
center, formed of floury layers, which augment in/ ·s in glnten in proportion as they are removed from the 

I • ~ 

I 
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h fl , k b "d 1· n proi}ortion to the r1uuntity of gluten they c.ontain, it iR tho aim, in center Now as t e ours m,t e more re" . . . 
· · ' d t , t · ch of the gluten in the ilour as is possible, without, also, retmnmg any all the improve processes, o re am as mn 

adhering bran, which injures the color of the bread even more than it does the ti our. 

1;i 

FIG. 4. 

No. 8 is the embryo or germ, and is situated at the base ~1f the berry opposite the crease, and is immediately 
surrounded by a quantity of fatty cells. Ooncerning this gPrr1 a prolonged discussion has arisen, as it contains 
phos~horus, which, being considered necessary for the hulj(;'-"'tnt.rstem, shon. l<l, it is believed by many scientists, be 
left; m the flour. The oppositR view of the subject has.Cur so1er, gained foothold in this country, the ''patent 
process" elin~inating the germ from the flour, as being dr(A G-uido, f,to ~ts color and baking qualities. 
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To crnsh the wheat-berry to the finest possible flour, without impairing the elasticity of the flour, and to remove 
the bran, germ, etc., which cause the bread to bake dark, are the ends which the miller aims to attain. His process 
·evidently must differ for different varieties of wheat, and, as inclica.ted before, this feature has caused the great 
difference in present methods. · 

Wheat in this country varies considerably in character in different localities, and there are many varieties, there 
being usually a great difference between the "spring" and the '' winter" grain. The former has a hard endosperm, 
:dch in gluten, and a thin, brittle bran, which is easily broken and pulverized; while the latter is more starchy, 
has a tough skin, which resists grinding much more effectively than the floury portion, which crumbles easily. It 
is this difference in the properties of the grain that has so rapidly and so extensively brought about the introduction 
-of the middlings-purifiers ancl the use of rollers. The northwestern states being· the great spring-wheat producers, 
!it is natural that tbe largest "new" and Hung·arian process mills are located at the greatest water-power of the 
:section, Saint Anthony's falls, at l\1inneapolis, and that the country in that region should be clotted with many new 
mills. 

There are, at present, essentially three processes in operation in this com1try, though the details of each 
method vary considerably, each miller or mill-owner having his own ideas on bolting, dress, etc., and each of these 
processes passing by gradations into the others. These processes are commonly known as the "old process", the 
·11 ne;v process", and the" Hung·mian" or ''gradual-reduction process", the latter two dating in the United States 
from about tho year 1870. 

Before describing them in their various pa1·ticulars, however, it shoukl be stated that in few industries has 
there been so much litigation and conti;oyersy. A great number of patents for machines with the same object in 
view were tn,ken ont within a short space of time; the rapid introduction of many new forms, an~l probably tho 
,operations of dishonest speculators, have caused many snits in the various conrts of the country. 

In the fo1lowing descriptions, therefore, the names of manufacturers of machines and any questions of priority 
·Of invention will be omitted, as well as the question of relative efficiency of machines produced by rival manufacturers. 
This latter feature of rivalry is not developed more in any industry than in the manufacture of middlings-purifiers; 
.and, in general, in all forms of milling-machines competition is extremely brisk. 

THE "OLD" PROCESS. 

This process, described in its earlier forms in the preceding pages, is now but rarely found in new mills, the 
''new" process superseding it :very rapidly. Many old millers, howevei', still run "low", or grind the wheat in one 
<>perution. This is especially true of mills situated in winter-wheat sections and in small custom mills. The "old" 
process consists essentially of two parts: 

a. The reduction.of the wheat to flour by passing it thl'ough a run of stones. 
b. The bolting of the resultant material and tile separation of fl.our, bran, etc. 
The principal object of the miller when running hy this process is to produce the greatest amount of fine, live 

fl.our in riassillg the grain but once between· the millstones. The exactness and perfection with which this is clone 
·depeud .on the following: 

a. The dress of millstone. 
b. The face or grinding surface. 
ll. The balancing of the upper or runner stone. 
d. The speed of the runner. 
1'he dress of bhe millstone is a subject of great importance, the proper shape of the furrows, their width an<l 

·depth and draught, that is, deviation from the radius, influencing the perfection with wllich the operation is performed. 
The end to be attained is to cut the berry into small fi:r.Lgments, and then to 
·crush these into fine powder, allowing the m~al to pass outward :from the 
·center of the stones to the circumference as rapidly as it is reduced, surrounded 
by a considerable amount of air to prevent too great a rise of temperature. 

If we imagine two perfectly smooth stones revolving within, say, 2 inches 
,of each other, and wheat fed at the center, tile latter wouhl fly out from between 
the circumferences of the stones in an nnground condition. If, however, 
the stones be brought nearer together, the distance between tQ.em being less Fm. Ii. 
than the diameter of a berry, the wheat would be crushed near the center or 
-eye, aml wonl(l choke up the space between the stones before many revolutions of the runner. It is, therefore, 
·evklent that channels must be provided for the escape of the meal, the edges of which channels would act like 
shears and slice each berry into several fragments. These channels are placed on the surface of .both stones, and are 
-0alled "fnrrows". The part between the furrows, called technically the "land", serves to crush into :fine powder 
the slices or fragments of the berry formed by the furrows. These two steps form the process of grinding between 
tho millstones, and it remains for other machines to further treat the meal. 
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Without indorsiug any particular dress or plan of furrows as the best, it may be stated that the dresses iir 
Fig. 5 have proved efficient, and are given to illustrate the meaning of' the word "dress"· Opinions among· 
millers vary mnch as to the details, bnt in general terms all agree that the furrows should be sharp, deep, alHl 
deepen gradually, dwindling to a feather-edge at the exterior. 

The grinding surface or land is cracked or roughened. The degree to which this is to be carried depends!' 
as well as the furrowing, on the porosity or natura,l roughness of the stone. .As the millstones now in nse are itlmost 

J] 

invariably of the French or of tho 
Georgia burr, a porous metamorphosctl 
sandstone, containing cayitics for1ilerlr 
occupied by fossils, the surface is vnirin­
ble, and each stone is usually built up 
of several blocks, as in Fig. G, to in­
sure an even degree of porosity ovel' 
the whole surface. Tile blocks are ar­
ranged in different ways, B showing a 
construction by which the joints are so· 
placed as to coincide with the furrows . 

.Another feature of prime impor­
tance in the case of millstones is a per­
fectly plane surface in both stones. It 
is evident, in order th11t the prodnct 

l<'IG. 6. may be uniform, tlrnt the same co1Hli­
tions should prevail over the whole grinding surface. If there be any variation from a perfect plmHl in either of tho 
stones the meal will contain large unground fragments and the grinding will be incomplete. The iwcesstiry surfaco­
is produced by remo-\1i11g the higher portions with a steel pick, and frequently testing with a straight-e<lgo, called 
a "paint-staff". A proof-staff, a narrow iron rectangle having a perfectly plane face, is ustmlly kept i't tho mill to· 

Fm.7. 

correct any shrinkage or variation in the paiint·staff. The latter, whilo 
coated with fresh paint, is rubbed over the surface, and the higher vortions 
are thus determined. These are worke<l down by s111all 11foks or other tools 
until every portion is reduced. Too great care cannot be given to the 
c1ressing and facing of the millstone, and this should be attended to very 
frequently. · .A.s may be naturally inferred, the general features of the 
furrowing and cracking depend on the variety and comlition of' the wheat 
to be ground, and here the experience and judgment of the miller como 
into play. 

The balancing of the upper or running stone is a subject of importi1nce, 
as, however true the face and efficient the fnrrowing may be, if the stqne 
does not run t.rnly horizontal the product will be uneven. It is, of course, 
promised that the lower or bed stone should be accurately leveled. 

The usual manner of hanging tile upper stone at present is shown in 
Fig. 7. .A is the end of the spindle or vertical shaft, upon which rests the 
pivot B, thus allowhig a free motion around A, and a single point of sus­
pension. The mechanical details are easily seen from the figure. The lever 
0 enables the runner-stone to be raised. Several other styles of hanging 
are in use but the principles involved are the same. 

Like nll masses when suspended on a pivot, the millstone has two 
conditions of equilibrium, called commonly the "standing" and the "run­
ning" balance. Each is independent of the other; that is, if a stone be in 
a horizontal plane when standing, it may not remain so when rotated about 
its axis, and, conversely, if horizontal when rotated at a certain speed, it 
may not be so when at rest. This mechanical truth involves the use of the 
contrivances shown in the upper corner of the running stone. '.L'hese nre 
simJJly iron pots into which shot is poured, or a weight moved vertic11lly 

by a screw. By either means the plane of rotation is changed, and the surface is bronght to a perfeet level, so that 
the grinding surfaces :q:iay operate uniformly over their entire area. 

The fourth and last consideration is the speed of the stones. It being the object of this process to produce as 
much flour as 1possiblo at one grinding, the speecl of the stones is much greater than in the other processes, 
sometimes roaching as high as 300 revolutions per minute. This, however, is exceptional, and the average ii'l rarely 
over 250, too high a speed producing a high temperature, deleterious to the meal. The speed varies according to, 
the <lress and according to the grain to be ground. 
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The second part of the" old" process is the bolting· or the separating of the flour from the bran and coarse matter .. 
Th~ machine, called a bolt, by which this is effected consists of a cylindrical frame of woocl, some 18 feet long an(l 
about 30 inches in diameter, covered with a silk bolting-cloth sewed to ticking, which is in turn taclrncl to the· 
longitnclinal pieces of' the frame. The cloth, now in every ettse silk, is of vn,rious degrees of fineness according to· 
the matcri!tl to be bolted. Generally fonr bolts are inclose(l in a frame, two for bolting and two for rebolting, called 
"return bolts"· The whole armngemcnt, Cltllell 1• chest, is shown in Fig. 9, page 10. The flour thus sepamtecl is 
packed without fnrtber treatment This process, though essentially the same in principle as that of Oliver Evam1,, 
is considerably more efficient, owing to the following improvements introduced since his time: 

a .. The change from poor bolting-cloths to nicely-woven silk bolting-clotbs. 
b. The greater accuracy in the· adjustment mid running· of tho stones. 
c. ':'he greater efficiency in grain-cloaning. 
il. Better devices for packing the :flour in barrels. 
e. The general improvement in all 1)arts of tile mill, due to better workmanship ancl closign. 
The use of silk bolting-cloths permits a. finer and more complete bolting ancl increases tho officiency of the mill 

to a very app~eciluble oxtont. The greater accuracy o:f adjustment in running of the stones produces more and finer 
flour from the grinding, mul tho improved packers enable a more ecouomicttl packing as respects time, fabor, and 
flour. A description of the present grain-cleaning· mitchines is given in the following pages. The system of "low 
grincling·" is giving place, as proviously stated, to the "meclium high-grinding" or "new" process in new mills, even· 
in soft-wheat sections. 

THE "NEW" :PH.OOESS. 

Tho process consists of four parts, tho :foatnres o:f pnrif,Ying aml regrinding nrnldlings being aclc1ecl to the first. 
grinding nud bolting. As in the other processes, a complete aud thorough grain-purification is necessary. 

BrieJly ontliuec1, the process is as follows: ~l'he perfeetly clean grain is conducted to the burrs and" granuln,ted", 
not gronnd, as in the previons proeess, n!l(l tlte result;ant ''chop" is sepitrn,te(l into its component imrts-tlonr, 
mic1tlling."1, a.ml bru,n-b,y meai1s of bolts teclrnim1lly called" scalping-reels". The :flonr thus procluce(l is of an inf'c:rior 
grade. The mhhllings are the coi1rse rmrticlos of the ernlosperm of the berry, which give tho strongest arnl best 
flour, anll it is from theso that the "patent" or high-graclo flour is made. The bru.n and llirt from tho ereaso of tho 
berry, which wi11 remain, howover go()(l tho cleaning, are scparate(l out; the middlings, usunlly by the eloth noar 
tho tail 01Hls of tile scalping-reels, are then dnstccl in dusting-reels nud concluctocl to the middlings-purifiers, which 
remove all light fibrous matter, fuzz, etc. They are then gmdecl aml regronntl to flour, either on separate stones,. 
or mixed with other wheat. The former is tho more iupproved mcthOll. 

As soon as the principle o:f the pnrifi.cn.tion of middlings was illtrodncecl into this connt~y, the idea was realized 
by a gren,t nnmber ancl variety of machinm1. Indeed, so many machines are now in tho market, whose elfteiency 
Vltries but little, and the rivalry is so great, that it will be impossible to describe the various forms of the 1mtehincs 
01· to give m1y illustration of a pr1irtfonlnr variety in a report of this nature. The encl sought is to extra,ct the lighter· 
material, the dust, bran, and fnzir, mixed with the middlings, aucl to leave the httter clean and pure. 

The various contrivances may be cli vicled into auy number of classes according to their mechanical details; but 
a subdivision i1.1to the air-aucl-sieve and the electric machines will cover all cases. The formor all(l usual form of" 
purifiers consists essentially of a series of 
sieves in connection with an ftir-blast, the 
former being to separato the middlings 
and the tailings, and the latter to remove 
the lig'l1terimpurities. I haveconstrncted 
the <liagram, Fig. 8, as showing the essen­
tial parts of the n.ir-and-sievo class oJ'puri­
crs. The impure middlings are dropped 
into the chest through the hopper A and 
fall upon the sieve b; from b they slide to 
o, and from c to c7, whenco they faU off and 
are spouted out at c. Th(~ fans j and g 
cause a draught through the sieves, and 
·as tho material passes through the air in 
its c1escent, the lig11t matter is removed 

FIG. 8. 

while the tailings drop beneath. These are the chief elements of a pnrifter, though 11resent forms are much more 
complimLted. In some machines the draught is pro(luced by a suction-fan alone, in others by lb blast alono, and 
again in some by a eombiuation of both varieties of fans, as in Fig. 8. Some forms of the nrnchinos contain reels 
for dusting the middlings before puriftuation, while in others no provision is mado for this preliminary step. 

In order that the separation may be complete the sieves are agitated, aml this is clone in a variety of ways. The 
sieve-frames are given a rapid reeipro,cating motion b;y an eccentric and pitman contrivance, or light hammers 
strike small cloth pads on the sieve-frames, and thus give a short, sharp rap, which raises the stuff from the sieves: 
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and spreads it for the air-blast. Several other forms are used for the same object. Early in the use of purifiers 
a difficulty arose, which, however, was soon obviated, namely, the clogging of the sieye.cloths, owing to the1r flat 
surface and the nature of the product to be treated. .A.t present many devices are usecl for preventing this, such 
as traveling brushes, elastic bands which strike the cloth, traveling blast:,;, which, it is claimed, do not wear the 
elo'th, and rubber balls bouncing between the sieves and a wire net. 

These various methods for insuring the same results explain tl.J.e large number of patents issued for purifiers 
ancl the great number of machines of v<irious makers . 

.As previously stated, many lawsuits have been caused by tl1e rapid invention and iutrodnction of various 
milling-machines, and there has been a prolonged legal strife, involving many millions of dollal'S, concerning· tho 
manufacture of middlings-purifiers. 

The so-called electric purification of middlings, clue to the property of attracting· light material existing iu 
eleotrifietl surfaces, has btkeu considera,ble prominence lately, and there is a question of priority of iiwention. 

Of the two machines of this kind recently exhibited, one consists of several vulcanized-rubber bands running 
over pulleys, passing over tlle snrface of the middlings, and thus removing all the lighter portion of the material; 
the baud is excited by pads rubbing against its surface. In the other machine rubber cylinders revolve over tho 
middlings aud similarly attract the impurities. Shonltl t,his ap1)amtns be found iu practice to work 'as well as the 
sieve-and-air machines, it will have some advantages, such as economy of space, obviating the somewhttt cmnbersome 
use of fans, clogging, ~ind wear of cloth. 

Besides these forms, several clcsigns·of purifiers have been introdncecl which clo not fa,11 in oither class, but 
depend on gravity to c:M1se the necessary separation. 

The commiuution of tho wheat in tho new process is granulation, not grin cling; that is, the endosperm of the 
berry is not reclncecl to flour in its il.rst. passage between the millstones, bnt is simply crnshed ancl libemtctl from. its 
covering of bran. 

The smaller the amount of flonr maclo during this operation aucl the coarser the fragments (i. o., micldlings) of 
the endosperm, the greater the subsequent yield of ''1mte11t" fl.our. It is evident, therefore, that dross, speed, <listnuce 
apart, etc., of the millstones must be very di:ff'erent from the corresponding features in tho "oltl" process stones. 

The present practice in the "new" process burrs is to mfilrn the furrows from 1 inch to 3 inches wh1e i'ncl. 
sometimes to the number of 70 011 one stone, thCI object being to reduce the" land" or grinding snrfaca; soma millers 
even acl vacating a perfectly smooth "land", while others believe in a certain amount of era.eking. 

The theoretically perfect dress aud face haYe not yet been determined, the matter being still in active delmtc. 
The speed of the burrs ha,s been nmterially decrelised, n.ncl instead of 200 or 300 revolutions per rninut(l, the 

''new" process millstone revolves on the ave1'age 140 turns per minute, in some cases even below 100, an(l takes 

l!'IG,9. 

used, etc., the limits being nbout 40 and 70 per cent. 
of wheat are used. 

abont one-half' of a horse-power instead of one horse­
l)OWer as before. With tllis decrease in speetl tho 
diameter of the stones has also been diminished from a 
to 4 or 4z feet, the ol)ject being to a1low tho material to 
esmipe as soon as grannhited and to reduce tho })roduc­
tion of first flour to a minimum. Stones of thcst) c1ime11-
sio11s aucl ru!ming at present speeds, 11.10 revolutions 
per ,minute, will granulate ~bout 5 or G bnshels an 
hour. This is considerably less than the amount 
ground by .the "old" process on one reduction, bttt the 
superior product in the end com1)ensa,tes for the lesser 
quautity. 

The quantity of middlings varies greatly, according 
to tlie dress aml the conditions of the stones, the wheat 

To produce one barrel of the best flour, from 42 to 8 bnshels 

~he grincling of the middlings to :fionr is usually effected on sto11es, though rollers are rapidly coming into uso 
for ihe same imrposc. ·when stones are used, the furrowing is shallow cornpare(l to that on the granulating stones1 
as the material to be reduced is smaller in size. 

. At sonie mills the wheat and middlings are mixed together so as to imss throuo·h the stones at the same time, 
while at others the middlings are carefully graded ancl reground on separate runs of ~tones. The number of grades 
to be made is as yet a matter of debate. 

The principal innovation in bolting in the "new" process is a considerable reduction in the size of the reels, the 
.average dimensions being from 1G to 18 feet long and 30 illches in diameter. In some cases reals but 12 feet long 
have been used. 

Fig. 9 gives au end aHcl a side elevation of a bolting-chest, one }Jart or' the casing being, left open to show the ' 
bolt and the two conveyers. Between the· eonveyers a.ncl the reels is a series of flat slides called "cut-offs", which 
facilitate the regulation of the bolted material from the cloth to the convayers. 
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The reels ~•nd the conveyers are usually operated from one vcrticiil shaft by small gears about a .foot in 
·diameter. The sides of the chest are inclined hopperwisc to allow the flour, etc., to slide clown to tho conveyers. 

In the figure the whole is inclosed in a case, as is often done in practice, with swinging doors to allow access 
to the various parts. 

The hexagonal cross-section of the reel is shown in the side elevation. The silk bolting-cloth is imported 
mostly from Switzerland or the Netherlands, the brands made in those countries being usually considered the best, 
hnt bolting-cloths claimed by the makers to be equnl to any importecl silk are manufactured in this country . 

. The cloth for the various separations ranges froni "000", or 780 apertures to the square incli, to the finest, 
"No. 13," lmving 18,406 apertures to the square inch. 

This system of grinding, preventing as it does any ·considerable development of heat, obviates tho necessity of 
.any cooling arra.ngments aml two inconveniences of low-grinding, viz, the "sweating" of the 1.mrrs-that is, the 
production of moisture during grinding-and the irnsting or choking o:f the bolting-cloths. Several clevices have, 
however, been introduced to lrcep the cloths open, such as whips and straps 
·extending through tho interior of the reel, and removing the matter caught 
in the meshes of the cloth by sharp raps. Au objection to the use of these 
cappliances is a certain amount of wear on the cloth. 

'.rhe chest in the figure contains six reels, three being vertically in line, 
one above another. 

Before leaving the '' new" process something should be saicl of several 
-appliances which have grmitly facilitated the work of tlle miller and im­
proved the quality of the product, but which do not necessarily form part 
-0f the process, antl have been applied to "olcl" in·ocess mills as well. 

It having boon noticed that whea,t when dmnp is ground into a flour 
·containing too much moisture, deleterious to its treatmeut, its transporta­
tion, and to its baking qnn,lities, a system of drying has heeu introducec11 

ustrnlly by steam, prior to the grinding. 
This pla,n, it is claimed, will procluce an appreciable improvement in 

the products, and hn.s been introduced in a number of mills. Another 
,scheme, but not so successful in its result, is the steaming of the wheat, 
the object in view being the toughening of the bran to prevent its too fine 
comminution. 

Another valuable contriva,nce is the bmu-duster, which saves a cou­
sitlerable mnonut-from 1 to 5 per cent.-of flour. This machine usually 
consists of a cylindrical or conical brush in connection with ii wire sieve, 
the bran remaining on the inside and the brush forcing the ilonr through 
the sieve. Several other designs lrnvo been introduced, but this is probably 
the most widel;r used. 

'rhe artificial ventilation of millstones, ~Lnother uew im1>rovement, has 
prove(l to be a success, in preventing firo from spreading from sparks causecl 
by millstones running· empty, mul penetrating into conveyers, etc. It has 
been ariplicd in the latest gradual-reduction mills on their regrinding stones. 
The air is withdrawn from the circumference by suction, and tlle resultant 
·draught in the furrows tends, besides the above iul vantage, to prevent any 
undue rise in temperature of tho material ground. 

The packer, m1other improvement, iii shown in outline in Fig. 10. 

A 

If 
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It consists of a c;ylinder of wrougltt;-iron i11to which the flour, bran, or other material to be packed is fed, and by 
means of the screw-blade A is forced·into snmll bulk in the barrel or in biigs. ·when different sized bags are to bt~ 
packed the cylinders B are changed, a nnmuer of different sizes being kept to flt the bags. An outer casing of 
iron is put arouml the bag to keep it in pluco. As the platform descends the weight rises, thus representing the 
pressure on tlle flour. Holler packers mid some other forms are also used, but the form describecl above is used to 
the greatest extent. 

vYe havo uow followed out the "new" l)rOcess in its steps from the cleaned wheat to the v.acked ilonr. 
"While a fine quality of flpur ca,n be made from irnrified middling:::, that is, the part of the berry richest in glut.en, 

from either spring or winter wheat, many millers of the old school still believe that a single rmlnction is practically 
sufficient. It is nudonbtedly true that for snrnll mills of not over two run of stone, and for mills rnnning on very 
soft wheat, the two processes may approach each other in efficiency, bnt the purification of the middlings and the 
production of "patent" grades have been established as undoubted improvements, and it would be impossible for 
spring-wheat mills to produce a ilonr approaching the best winter-wheat brands without the principle of regrinding 
mhltllings. At present these mills am producing flour rating higher in the market than any low-process mill. 

There now remains to be described the third or gradual-reduct.ion (often called the Hungarian) process, which 
is an extension of the principles of the "new" 1)rocess. 
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12 FLOUR-MILLING. PROCESSES. 

THE GR.ADU.AL-REDUCTION PROOESS. 

This process has been adopted in the mills recently erected in the spring-wheat sections of the northwest. Its. 
greater mechanical complication, and the large number of steps from cleaning to packing, cause it to be of greater· 
interest to the mechanical engineer, and several portions of it, although adopted by "new" process mills, have not 
been clescribed in the section pertaining to the "new" process. 

The process, reclucecl to its essential features, consists of-
a. The cleaning of the grain. 
b. The granulation of the wheat. 
a. Separating the resultant products. 
d. Reducing the fragments of the berry, again separating, and further reducing the fragments, usually five or 

six times. 
o. Purifying the middlings from these various reductions. 
f. Gm.ding and regrinding the middlings. 
g. Bolting. 
h. Packing. 
From the nature of the process, the larger the mill the more economy in the manufacture; and for small mills 

the "new" process is probably as efficient. 
The principles of the process, introduced into this country during the past four or five years, were taken from 

the practice of Hungarian millwrights. · 
Many .American millers have visited the cluster of' mills at Buda-Pesth, the principal home of Hnng-arian 

milling, where the wheat is of a very similar nature to our northwestern varieties, and the process is now used in 
the larg·est mills of Minneapolis.· 

St11rting with the cleaning of the grain, as it is delivered to the mill, to the final shipping, a description is here 
~·iven in as much detail as the scope of this report will allow. 

The perfect cleaning of the wheat-berry before reducing it, both as to its surface and as to foreign matter mL'{ed 
with it, is a subject of great importance, and a large number of machines have been devised for the purpose. 

All varieties of grain-cleaning machines fall into two classes: 
a. Those for separating the wheat from loose foreign matter, such as cockle, oats, chips, il'on, wfre, otc. 
b. Those for removing adherent matter and leaving the bran polished, the fuzz at one encl removed, antl the 

dark matter usually found in the crease extracted as far as possible. 
Machines for extracting the loose foreign matter, usually termed separators, consist generally of riddles or 

screens and an air-blast or suction to remove light impurities.' The number of separations varies; sometimes as. 
many as four are eombined in one machine. The separator is often combined with scourers, and tlie wheat i.s almost 
entirely cleaned fa one machine. It is usual, however, in large mills to employ, first, storage separators, designect 
to treat large amounts o.f wheat, then wheat-separators, and finally cockle-separators. The mosil approved design. 
at present is to place the screens, with apertures of the shape of' the impurities, and often inolosed in a wooden 
chest, so that the wheat descends from one to the other by gravity and by the reciprocating motion of the screens. 
The blast is produced by a suction-fan and the dust is blown out of the mill. 

A great variety of' machines for cleaning the berry of adherent matter have been introdncecl during the past. 
11'\ vears. It will be impossible to specify here more thn.u the general principles involved. 

The wheat in these machines is usually cleaned of adhering matter by friction, either of the kemels among 
themselves or with some foreign substance, such as stone surfaces, brushes, etc. A draught, usually caused by a 
snction-fan, removes the dust as it is formed . 

.A usual form of scourer consists of a series of vertical rods revolving about the axis of a cylindrical steel 
jacket, and operates by the resultant attrition of the berries among themselves, and agaim;t the rods and the surface 
of the cylinder. 

Another form much usecl is the brushing of the grain, either between two revolving cylindrical or conical 
brushes, or between a brush and some other surface; this polishes the grain and leaves it ready for grinding. 

Stone surfaces for the same purpose, viz, polishing, have also been employed. 
The present typical separating and scouring machines are usually vertical, with vertical aixes. The machine& 

are set directly one over another on the various floors, and one shaft usually moves those in one mill. The power 
required for cleaning varies with the machines, the scourers requiring more than the separators. 

The separators handle from 10 to 11800 bushels an hour; the scourers, brushes, and combined machines from 
10 to 300 bushels an hour . 

.As may be expected, these machines vary from the simplest wind trunk and sieves to the complicated separators, 
srnutters, and scourers combined in one machine. 

Many small devices have been introduced to further purify the grain and polish the berry, such as magnets 
set in a spont to extract iro11:, nails, wire, etc., from the stream of wh.eat: 
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FLOUR-MILLING PROCESSES. 13 

The great contrast between the cleaning a1)plianc.13s of Oliver Evans' time and the complete series at l)l'esent 
in use in our 1arge mills is apparent. At present no miller considers his mill complete unless he can remove entirely 
.all chaff, ,cockle, etc., from his wheat before grinding, polish the bran of each berry, and remove the dark nrntter 
from the crease. · 

Another operation introduced in the grain cleaning is the so-called "ending", that is, shearing off of the beard 
(Fig. 4) of the berry. This is clone on a run or on seveml ruu of stones, according to the size of the mill, the stones 
running· far apart and so acljnstecl as to remove simply the extremities of the berries which are then pl.llsscd 
through wire-cloth bolting-reels ~tud are ready for the "gradual reduction". In this the ~nillstones a,re wholly or 

FIG. 11. 

in imrt almndoned, allll the work is clone by 
means of grooved and plain rollers (invented 
in Switzerland :tbont 1820), made of chilled 
iron or of i10rcelaiu. ln some cases disks of· 
chilled irou, suitably furrowed, are used, arnl 
in others concave machines: consisting· of a 
cylinder rnnning against a concave plate. The 
system consists in reducing the wheat to flour, 
not at one operation, as in the "old" system, 
nor in two or three grindings, -as in the "new" 
process, but in several successive recluctions­
fonr, five, or six, as the case may lie. 'rho 
wheat is first passml through a irnir of corru­
gated cl1i11ed-iron rolle1·s, whic~1 merely split 
it open along the crease of the berry, liberat­

ing the llirt which lies in the ercrtse so tlmt it can be l'emoved by bolting. 2, Fig. 12. A very small percentage of 
low-grade flour is a,lso nmdc in this reduction. After passing through what is technically callecl a "scalping-reel" 
to i·emoYe the dirt n11d flonr, the broken wheat is passell through a second set of corrugated rollers, by which it 
is fort.lier broken np (each .i:mch operation is teclrnically callecl 11 ''break"), and then l1asses throug·h t• second 
.separating-reel, which removes the flour and mitl<llings. This operation is repeated successively until the flour 
portion of the berry is entirely rcmovetl from the brau, the necessary separation being nrnde after each reduction. 
The mitldlings from the several retluctions are 1nissed through the pnriflcrs, and, after being purified, are rcclucecl 
to ftonr by snccessivc reductions on smooth: iron or porcelain rollers. In some cases, as stated above, iron disks 
and concave mills n.re snbstitute<l foi.· the i·pller-mill, bnt tho opcmtion is substantially the smne in principle. 

Tho rollers for reducing are of various forms, a lively competition luwing arisen i11 this countr~r since their 
introduction. A complete machine for gmnulating ustrnlly consists of four rollers, in sets of two, with a tlonblo 
hopper r1bov.e. Each roll is of chilled iron, rifiell or ilnted, with spiral corrngt1tions. A section of a pair with 
.slmr1> projections is shown in Ji'ig. 11. 

One roller revolves faster tlrnu the other, the differential speed thus proclucoll enabling tho projections of one to 
sh.oar tlw berry caught iu the pr~jectious of the other, a.ml thus !tffect its granulation. Each form of eorrugati01i, 

TOlllHl, sharp, etc., is praised by its nutkcr. 
Tllo rollers are either geared or belted together, the latter causing a quieter motion, while the former, i1; is 

«ilaimecl, prevents tLny slivpiug or inequ11lity in the relative speeds. 
At the present writing t,he roller-machines have attained such perfection, es11ecia1ly as to adju8tmeut, ea.!'le of 

throwing in ancl out of operation, arnl perfection of workmanshjp, that it is extremely lloubtfnl whether rrny foreign 
nation, Ilungary included, lrns better or more efficient machines. 

Severn.l devices luwe been adopte1l for the adjustment of tho rollers, so that they nHty be Sll(lllenly separatell 
wl~en starting or stopping; also, f;o that, in case of a11;y foreign matter entering with the wheat or material to be 
ground, the rollers mn.y sepamto of themselycs nml a.How it to pass. 

'rhe usual design is to make the bearings movable and arrange tliem in st1ch a manner that tlle two rollers are 
pressed together by s1irings. 

'The 1)0\Ver necessary to drive a four-roller machine is claimed b~T makers to be nearly oue·thircl less than thiit 
necessary for a millstone granula,ting the same a,monnt per hour. 

Tho details offeecl, gearing, belting, etc., ha-ve been brought to a high state of perfection, but they cannot well 
be given here. 

In some mills the first bren,k consists of runs of stones running very high (far apart), the other reduction being 
011 rollers; and in some other mills certain of the last reductions are also made with stones. Various arrangements 
·Of detail are now on trial. 

From the :first boltings succeeding the scalping-reels in the first few breaks the greater part of tho oily germs 
are separated, and, with the tailings from these reels, are aspimted and reground 011 smooth iron rollers. These 
:flatten the germ, and it is separated in the succeeding boltings. 
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FLOUR-MILLING PROCESSES. 15 

The best grades of middlings produced are often reground between porcelain rollers . 
.A.11 the various regrindings are separated au<.1. handled by bolting until the various grades of flour, about five 

or six in number, are ready for the packers. These are of the form described on p11ge 11, and are of great mechanical 
perfection. 

To show the effect of the various machines on the wheat, Fig. 12 has been llreparecl from samples taken from 
Minneapolis, Minnesota, and from Richmond, Virginia. No. 1 is the broken soft wheat from the first break, 
millstones being used; 2 is the same for hard wheat broken on rollers (the lesser comminution of the latter is 
plninly visible); 4 and 5 are unpurified middlings from soft and hard wheats respectively; 6 and 7 are purified 
middlings from soft and hard wheat; and 3 is patent flour. This latter is magnified to 650 diameters, while the other ' 
figures are much less magnified . 

.A.t present, fo a perfect gradual-reduction mill, about 42- bushels of good spring wheat are needed to produce 
one barrel of :flour (196 pounds), 74 pounds of feed being made at the same time. 

The quotations in New York for various flours on June 1, 1880, were as follows, showing the preference accorded 
"patents'': 

'Vestern spring extras ..............................••.••..........•....••......................•. $4 00 to $4 20 
Minnesota olear .••••.•........•...•..........•.•••...........•...........••. , . . . . • . . . . . . . . . . . . . . . . . 4 25 to 5 40 
Minnesota straights.... . . . • • . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . • . . . . . . . . . • • • . . . . . . . . . 5 50 to 7 35 
Spring-wheat patents........ . . • • . . . . . . . . . . . . . . . . . • . . . • • • • . . . . . . . . . • . . . . . . . . . . • • . • . .. . . • . . . . • . . . . . . 6 00 to 8 00 
Winter-wh1.1at seconds • • . • • . . . . • .• . . . . . • . . • . . . . . . .•• .• • • •. . . . . . . .. • • . . . . . . • • • . . . . . . . . . . • . . . .• . . . . . . 4 50 to 4 75 
Spring-wlumtextras .............•..........•..•...................••..•.••........................ 4 50to 4 60 
Saint Louis flour . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . • . • . . . . • . . • . 5 10 to 6 00 
Wintor-wheatpatents... .•• .. . ... . . ... . •• . ... ..•. .. ... ... ... ... .•.•.. ..... ..... •..... ..•.•. .. .. .... 6 00 to 8 20 
Southern flours ...........•........... '........... . . . . . •. . . . . . . •. •. . . . • . . . . • . . . . . . . . . . . . . . • . . . .• • • •• 2 00 to 6 00 
Nor thorn flours... . . . . . . . . • • . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . • • . . . . . . . . . . . . . . . . . . . . . 2 40 to 8 60 

Besides the 1>rocesses described above, several individuals have introduced systems of their own, of which they 
have patented the principal features. Tl:leir mills, of which a number have been built, are all essentially gradnal­
rednction mills, but the details of handling vary. Among this class may be mentioned the ''clegerminator", or 
metallic millstones with rounded furrows, allowing the germ to drop out of the split berry before it is crushed; a 
system of wind tmnks to gath~r the dust from tlle purifiers in the mill; a granulating mill, consisting of a hollow 
cylind"rical stone, wit,h a runner inside, the grain being crushed between the concave surface of one and the convex 
surface of the other; and many innovations in bolting, such as elaborate systems of rebolting and separating. 

Many of these devices are probnbly efficient, and may be applied witl1 gain to the user, but a longer practical 
use is necessary to determine their respdctive values. 

Two small forms of apparatus, however, which have been introduced lately, will probably tend to a better 
lrnowledge of milling products. One, the moll1rimeter, invented by Edward Oampbell, consists of a bent 
thermometer, the bulb of which projects into the stream of meal from the millstone, the temperature of the meal 
being shown on the stem. Several points previously suspected are con.firmed. It is found that different varieties 
of wheat can endure different degrees of heat, that the temperature varies with the grinding surface, etc. 

The other device, the aleurometer, measures the relative· elasticity of the gluten extracted from the flour by 
means of a piston moving in a cylinder. 

The combined use of these two appliances has yielded the following table, which appeared in the .A:inorioan 
Miller, Vol. G, page 33: 

Tompomturo of flour ground, 
• indicated by niolarlmeter, 

Degrees .l!', 
90 

104 
110 
120 

Elasticity indloate<l 
by alouromotor. 

Degrees. 
48t 
42 
38t 
34 

From these :figures it appears that the flour produced at the temperature of 9Q° Fahr. yields the most elastic 
gluten, indicating the strongest fl.our. 

In order to complete the account of g-radnal reduction, two mills will be described, one being partially in 
operation and the other in process of erection. 

TRE "WASHBURN A" MILL . 

.Among the mills at the falls of Saint Anthony, the largest and most prominent, the Washburn .A, is an 
example .of the latest application of the gradual-reduction process, and illustrates the magnitude which single mills 
and milling operations have attained. The site now occupied by the handsome and imposing structure is that on 
which the great explosion (1878) destroyed the old Washburn .A, badly shattering the adjoining mills, and killing 
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16 FLOUR-MILLING PROCESSES. 

and maiming a large number qf persons. The mill is shown in Plates I and II, Plate I being a longitudinal 
.elevation, and Plate II an end elevation. The building is 100 feet wide by 244 feet long, eight stories high, about 
158 feet from street to cupola, built of masonry, and resting on the solid rock. 

The floors are supported by vertical pillars between walls, the girders resting on cast-iron plates, to prevent 
settling. The various stories vary from 14 to 18 feet in height. A brick fl.re-wall divides the mill into two parts, 
.one called the" north", and the other called the" south", end. 

The mill is further divided longitudinally on each floor by a center aisle or passage about 14 feet wide, tho 
stairway between floors and a passenger ancl freight elevator near the ftre-wall being the only interruptions. 

Each half of the mill divided by this passage is complete in itself from cellar to attic, and is run by a separate 
turbine wheel, independent of the other half. This system allows one portion to be stopped for repairs without tho 
necessity of suspending operations in the whole mill. The machines are arranged symmetrically on each side of 
the passage, and the drawings and description of one side are true of the other. The motive power of the mill is 
derived from two turbine wheels, each 55 inches in diameter, and expected to yield 1,000 horse-power under tho 
head of 45 feet. From these wheels the power is clistribntecl by two main shafts, one for each half of the mill, and 
by belting to the various floors and machines. The hands employed when the mill is in full opemtion will be in 
all 94, as follows: Employed in flour-making 49; millwrights, 10; sweepers, watchmen, rackmen,.engineers, etc., 
20; roustabouts, 15. 

The system employed is the latest form of the "gradual-reduction" system, adopted after long ancl <letaile(l 
experiment by the owner in his other mills. The wheat is brought to the mill by railway, and is conclncted directl,v 
to storage-bius in the basement, of which there are forty, each of 2,000 bushels capacity, or a total capacity of 
S0,000 bushels. From these it is elevated and conveyed into the adjoining elevator-building, 35 by V4 feet in phtu, 
aml of the same height as the mill, having also a storage capacity of 80,000 bushels. All the whea.t-cleaning 
apparatus is in this elevu.tor, comprising the following machinery: Two large storage separators, which remove 
the grosser impurities, seven mill separators, and six double cockle-separators. The grain is then fnrther cleaned 
by sixteen brush-machines, and graded iiito '' smn,ll" ancl "large" wheat. The fuzz, etc., is then removed by ten 
run of ending-stones, five for each grade, and the resultant material is b.olted on centrifugal reels, covered with 
wire-cloth, and separa.ted. 

The :line material from these centrifugal bolts goes to second low-grade flour. After granulation on the 
corrugated rollers of the first break, the whoat is scalped in four reels, the tailings, still containing the best part of 
the berry, being aspirated and conducted to the rollers of the second break. What passes through the bolting-cloth 
is clivided into two streams and retiolted, and the fl.our thus separa.ted is conducted to the low-grade flour-bins. 
The tailings of the flour-reels are separated into three grades by grading-reels, part mixed with other lJrotlucts 
and part farther reduced by means of rollers, the resultant flour being of two grades: low grade an<l baker's graclo. 
The middlings obtained from ,the boltings of the scalping-reels are brought to middlings grades and divided into 
ten distinct gm.des. These are then purified, reground on smooth rollers, and bolted. Wherever the same grades 
are prodncecl they are mixed, and the operations thus simplified. 

The whea,t passes from one break to tho other, in all six times, until the bran is absolutely free from all flour 
particles. The first break or recluction consists of four roller machines, the second of seven, the t11ird of nine, tho 
fourt;h of six, the fifth of four, and the sixth of three. The rollers of the earlier breaks are all of corrugated chilled 
iron. The second, third, fourth, and fifth breaks are treated similarly to the first, the best middlings being 
il'egrouncl after purification on smooth porcelain rollers, and the finest flour made therefrom. The tailings from 
the last boltings are reground on stones. The grades of fl.our are six, and range from second low grade to 
i;iupel'lative. 

At present, there being only one-half of the mill in operation, the output is only about 1, 700 barrels, the mill 
being designed to produce 4,000 barrels a clay. A full inventory of machines in one-half the building in given below, 
to give an idea of the n~imber and variety of machines necessary for producing the large amount of :flour daily 
man ufactmed. 

WHEAT-CLEANING MACHINERY. 

2 elevator receiving-separators. 
7 whea.t~scpamtors, 
6 double cockle-separators. 

16 brush-ma.chinos. 
10 rnn of ending-stones. 
3 wheat-graders. 

MACHINES FOR REDUCING, BOLTING, ETC. 

86 sets of rollers, as follows: 16 a.spiratOl'S, 
48 sets of eorrugated iron. 148 bolting-reels. 
26 sets of smooth iron. 10 sets of French millstones. 
12 sets of porcelain. 14 graders. 

78 micl<Uings-purifiers. 38 sections of dust-rooms. 

These machines are all driven by one of the turbines mentioned above. 
Plates I and II have been copied from the working drawings of tlle mill, and show the position of tho 

machinery and the transmission of power. In the basement or ground floor, directly upon the rock, rest tho 
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foundations for the millstone bursts, as shown in Plates I and II, and the foundations for the pillow-blocks of the 
main shaft B B, Plate I, which runs through from end to end of the mill, and to which the spindle-pulley of the 
stones D D D D are belted directly. The main gear and wheel-pit are located at A. The power for the south end 
of the mill is taken from the main shaft, from the pulley E, and distributed as follows : 

E is belted to the pulley on the short shaft H, on the iif'th floor, which in turn runs the shafting on the fourth 
and the eighth floors by the belts M and K. The latter furnishes the power to all the elevator heads on the eighth 
floor, as shown in the plate. The bolts on the iifth and sixth floors all run by vertical shafts, which are geared to 
the shaft N N. The rolls on the second floor are belted to the auxiliary shaft running near the ceiling of the basement 
a,fld geared to the main shaft B B. The portion of the mill north of the brick fire-wall derives its power from the 
pulley P, which, simibrly to E in the sonth portion, is belted to the shaft on the :fifth floor; this in turn operating 
the bolting-reel shafts on the eighth floor, by means of the belt O, near the wall. The shafting on the packing floor 
is belted direct to the main shaft, as shown at R. On the seventh floor the puri:fiecl middlings are carried from one 
end of the mill to the other by means of a car running over a track, the object being to transport the middling·s 
from oue end to the other without loss by friction, which would be considerable if a common conveyer were used. 
'fhis deviation from the principles of automatic handling does not involve manual' labor to any great exte,ut, and 
saves a considerable amount in middlings. 

The belting of the rollers and burrs is shown in Plate IL The rollers S 8 running together, require two belts 
{one being crossed), which are attached to the' auxiliary shafts TT. The burrs, as stated before, run directly from 
the main shaft B, the belt being kept in position by the belt-tightener U. The bolts are operated by the shafts 
V V, which in turn talrn their power from the shaft N. The belting of the purifiers, of the graders, and Sturtevant 
fans is also shown in this plate. The portion of the mill over the car-track (the fourth floor) of the "north" imrt 
and the basement ancl the second floor of the " south" part are devoted in great measure to bins for wheat, bran, 
aml flour. All the elevators throughout the mill are vertical, none whatever being set at an angle. 

The flour, packecl in barrels, is delivered fo the cars by a simple arrangement, each barrel being allowed to run 
<lown an inclined plane, the velocity being checked by a heavy plank placed near the bottom, and pivoted at its 
upper end; by raising the top of the beam, in case a barrel stops entirely, the hand allows it, to i;oll slowly into 
the car. 

Plate I is a section through the central aisle of the mill, looking east. DD are the burrs, their hurst frames 
and foundations extending to the floor below; 11 are the corrugated iron rollers (their belting is seen better in 
Plate II); 2 2 are the tunnel and car-track for the incoming wheat; 3 3 are the packers; at the north end of the 
building, at 4, the :fine grades of flour are loaded on the cars by the inclined plane previonsly describe.cl; 5 5 are the 
middlings· purifiers ; these machines on both floors are belted to the same shaft in the fourth floor; 6 6 6 are the 
bolt.ing-chests (the reels proper are omitted, to avoid complication in the plate); 7 7 nre the elevators for raising 
the grain, middlings, etc. (the spouts, etc., are omitted). 

Plate II is an elevation of the "north" encl of the mill. .At D is shown the end of the row of burrs; S S are the 
rollers; 3, the packers; 5 5, the purifiers ; and 6 6 are sections of the bolting-chests, showing gearing, conveyers, 
etc. At 9 the gearing for reducing the speed of the bolt-shaft and the manner of gearing elevator-heads, etc., are 
shown. 

To give a general idea of the immensity of the amount of material handled and the size of the mill, it may .be 
stated that 621,125,000 cubic feet of masonry and 2, 750,000 feet of lumber were used in its construction. When full 
it wi11 l1olc1 so,ooo bushels of wheat, the amount gronnd claily being about 18,000 bushels. About 40,000,000 JlOUnds 
-0f feed and $4,000,000 worth of' flour are produced annually. From 18 to 24 car-loads of whf:)at are claiJy unloaded 
at present, but when the mm· is running to its full intended capacity of 4,000 barrels it will require over 50 car­
loads of wheat eYery day. To ship the flour.it will require daily 32 cars, and for bran, feed, and other offal it will 
need thirty additional cars, which 'will require the use of more than a hnndred railroad cars every day. The bran 
is assorted into two qualities, fine and coarse, and is shipped for feed. 

THE "PILLSBURY .A" MILL. 

This mill, now being erected on the eastern bank of the Mississippi at Minnea.polis, will exceed, when completed, 
·even the Washburn .A in size, and it is believed will be the largest mill in one building in the world, the productive 
capacity having been placed at the enormous. figure of 4,500 barrels per day. Similarly to the Washburn A, it is 
built of the granite so commonly used at Minneapolis, with high ceilings, many windows, and thick walls to insure 
steadiness and safety from fire. The floors are supported by pillars with iron capping plates, to prevent settling 
.and the consequeni disturbance to the lines o:f shafth1g. The power for moving the large number of machines will 
be derived from two Victor turbines, 54. inches in diametei:, and under a head of' 52 feet. It is expected by the 
builders and engineers that the power thus obtained will amount to 2,400 horse-power. The mill is of the most 
approved gradual-reduction type, and, like its great fellow on the opposite shore, is built on the dun.I plan, being 
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separated through the center, longitudinally, into two independent series of milling-machines. A "system", now· 
constructed by all good millwrights and engineers before the final plans for a designed mill are completed, is shown 
for this mill in Plate III. This graphical representation of the path of the whea,t from the first break to the packers 
gives a better insight into the process, even to the reader unversed in the details of milling, than ~tny clescription, 
however explicit or minute. 

Before describing it, however, a fow words should be said of the grain cleaning, whicb, in i1Ian, is to be muclJ. 
like that in the Washburn A. The wheat will be treated successively in the following ma,d1iues, which will 
effectually remove all foreign and adherent matter : First, by two large storage sepa.rators; then by eight oat. 
separators; then, after grading into "small" and'' large" wheat on fonr graders, by four cockle-separators, two for 
eacl.t grade; again by four scourers, by eight brush-machines, by four more separators, and finally it. is ended on 
six run of ending-stones. The wheat elevated to the top floor descends throug·h the various machines by gmvity 
until it reaches the scourers on the third floor; from there it is elevated to tl.te iiftl.t ffoor, upon which the brnsl.tes are· 
placed, and again descends to the final separators on the second floor. After this it is ready for crushing in the 
rollers. There will be five reductions or breaks, consisting of corrugated iron rollers, with the noiseless belting 
arrangement described in previous pa.ges. The rollers will be divided as follows: 

First break.-Seven sets of four-roller machines. 
Second break.-Twelve sets of four-roller machines. 
Third break-Fourteen sets of four-roller macl.tines. 
Fourth brealc.-Ten sets of four-roller machines. 
Fifth break.-Eight sets of four-roller machines. 
After granulation on the iirst break, Rhown at A, Plate III, the broken wheat is bolted on t;he four scalping­

reels, 2 2, and the separation between the resultant flour, middlings, arnt still unreduced particles of wheat is 
.effected. The latter are trea,ted in the four aspirators, 3 3, the shorts from which are conducted to the bin 
G; the elean broken wheat is then conducted to the second break, B, and the flour and middlings from the 
scalping-reels are conve;yed to the bolting-reel '.l:. The narrow rectanglo represents the conve;yer of this bolt, antl 
the line therefrom the path of the conveyer stuff or boltecl material. The tailings, represented by tlJe line 
starting from the end of the reel, are aspirated at 5 5 and conducted to the first germ-rollers, H. 'J'he bolted portion 
passes to the reels 6, 7, a.nd 8; the tailings from 6, which are coarse middlings, rtrn to the grnders D ; the tailings 
from 7 (fine middlings) to tl.te grading-reel 10; and :finally the failings from 8 to the stones IV. The product; of reel 
8 is the lowest grade of flour (Red Dog). From the grading-reel 9 the middlings produced on the Jirst break are 
again graded on the sieves 11, treated by the air-machines 12; the resultant products, as shown in the phtte, being 
three-the tailings and two grades of middlings. The former are purified in the two purifiers, 13, from which the· 
shorts run to the bin G, and the purified :n;liddlings to tho regrinding rollers, as shown in the plate. Of the two 
grades of middlings from the air-machines, one is run to the purifier 14, the other to the third germ.roller, IC. 
The second, third, fourth, and :fifth breaks are but repetitions of the first, as will be seen from the pln.te, the lnrge 
amount of material to be handled causing the only difference-a greater number of each class of' macliines. Tho 
path of tl.te various products and the points at which the same grades, or i1roclucts requiring the same treatment, 
are mixed, can be traced without a detailed description of each break. It will suf:lice to say tha.t A, B, O, D, and E 
are the five sets of reducing-rollers; G and G1 the shorts ~tncl bran bins, respectively; I, II, III, IV, the regrinding 
burrs; V to XVI, inclusive, the final sets of bolts; H, I, K, the :first, second, and third germ-rollers; and L, Mi N, O, 
and P, tive sets ot crush-rollers. ·rhe grades of flour produced and tl.teir names are given at the barrels on the lower 
end of the plate. They are "low grad~" (Red Dog) from the first break ; 2d baker's from the bolts XVI; 1st baker's 
from the second break and the bolts VII and XV; the second 11atent (a) from the bolts VIII ri.ncl IX; another 
grade of 2d patent (b) from the germ-rollers and bolts V and VI, and :finally the highest grade, or 1st patent., as 
it is called, from the bolts X to XIV. A good idea may be derived from the foregoing of the intricacy oft.he 
gradual-reduction system, and of tlie knowledge of the action of the various machines necessary to design a mill. 
of large dimensions; the results of the various boltings, tl.te appropriate mesh of the cloth, etc., necessitate, as may 
be easily imagined, a study and practical experience of many years. 

A full list of machines for half the building, or one complete milling system, is here given: 
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WHEAT-CLEANING MACHINES. 

2 storage separators. 
2 oat-separators. 
4 double cockle-separators. 

8 brush-machines. 
6 run of ending-stones. 
6 reels. 

MACHINES FOR REDUCING, BOL1'ING, ETC. 

94 sets of rollers, viz: 
38 sets of sntooth iron. 
6 sets of porcelain. 

50 sets of corrugated iron. 
10 run of bnITs. 

170 reels. 

20 aspirators. 
100 middlings-purifiers. 

.Air-machines. 
Packers on fl.our. 

2 packP.rs on bran. 
Seat;ions of dust-rooms. 
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The transmission of power from the wheels to the various machines is very similar to that in the Yv ashburn A, 
but as there is no transverse wall, the system is somewhat 8irnplified. The power derived from the two tnrbines, fts 
stated above, is distributed from the mn,in 8lrnft in the basement to the various floors, tlte stones on the grinding· 
:floor being run directly from it. The bridge-tree, miter-gear, race-way, aml shafting are shown on Plate VI. The 
arrangement of T-beams across the head-races for the sup11ort of the pillars and the floors above, and the sum)ort 
of tho bridge-tree by the arch, are also shown. From tlte shaft S S the power taken oft' at D, Plate V, by the main 
belt, which runs to the fourth floor, where it operates the entire line of shafting. This in turn is belted to the line 
on the fifth floor, the line on the fifth to the line on the sixth, and the line on the sixth to the shafting on the seventh, 
which operates all the bolts and grain-cleaning machinery on the third, fourth, fifth, and sixth floors by means ot' 
the veL·tical shafts E E E, Plate IV, geared to it. Tho main shaft is belted to the auxiliary shaft by means of the 
pulleys K K. The detailed belting of the various machines will be easily understood from a perusal of the plates. 

Plate IV is a longitudinal elev11tion through the center of the mill, showing at A the foundation, belting, ancl 
position of the millstones; at B the rollers and their belting from the auxiliar.v shaft in the basement; at 0 0 0 the 
elevator-feet, which are broken to avoid complication in the ph1te; at 0 the double row of imckers extending across 
the mill and run from the shaft n on the floor below (a is geared to b, and b bolted to tlte auxiliary shaft in the 
basement); i1.t e e e the bolting-reels in their chests, actuated by the vertical shafts; at FF the middlings-purifiers, 
partly concealed by the bolting-chests in front; at G G the various grain-cleaning appliances rnn by the verticnJ. 
slutft E; at H H the middlings- and flour-bins, and finally the wheat storage-bins, occupying the four lower rig·ht­
band compartments of the plate. 

Plate Vis an endelevation, showingthemainshaft; the foundationamlhnrstframesofthe stones; the l.ieltiug· 
of the rollers, packers, and grain-cleaning machinery; also the gearing in the seventh floor to obtain the slow motion 
of the vertical bolt-shafts. · 

Pla.te VI is a plan of the basement, sllowing the race-way, main gears, mitin shaft, conveyors, etc. 

HEOAPITULATION. 

lf' we look over the field covered by the preceding pag·es we see that there are altogether, at lJresent, three 
processes of manufacturing flour in this country, viz: 

a, Crushing the· graiQ to flour between mrnstones by a single grinding, and then bolting out the bran mul c011rse 
nmtter. 

b. Granulating the wheat by millstones or rollers, separating the resultant middlings, purifying and grading 
them, and finaU~' regrinding them to flour. 

o. Granulating the wheat very coarsely, mostly or entirely by rollers, se1rnrating the middlings, flour, broken 
wheat, etc., thus formed, again reducing the fragments of broken wheat, separating and repeating the opemtion 
several times, more completely separating bran and flour. 

As previously stated, there are other processes introdncecl by individuals, but in general they are but 
modifications of those systems. 

The two new systems have been introduced in many mills, ancl have attained much celebrity since the 
publication of the Ninth Oensus (1870). In fact they have obtained so many enthusiastic supporters that at 
present none of the larger mills are being erected on the old system. It is, .however, the opinion of tllose who 
have watched the various milling systems in Europe that high grinding is adapted clliefly to hard wheats, medium 
high (or "new" process) to wheats of a greater tenacity of bran and starchiness of endosperm, while the" old" or 
low process is economically applim1ble only to very soft winter wheats and for small country and frontier mills. 

The great change from low to medium high and high grinding was caused by the impossibility of producing 
flour of the best market standing by low grinding from the ha.rel spring wheat of' the northwest, and the consequent 
adoption of the two new processes. These in turn being highly successful were tried on wheat of a softer nature and 
were found to operate satisfactorily, enabling the millers not only to produce their flour more economically, but to 
nnme it "patent", for which there has been and yet continues to be a preference in the market. 
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